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PROCESS FOR ALKYLATION OF AN AROMATIC HYDROCARBON OR 
ISOALKANE WITH AN OLEFIN OVER THE CATALYSIS OF A SOLID ACID 

5 

Technical Field 

The present invention relates to a process for alkylation, and more particularly to a 
process for alkylation of an aromatic hydrocarbon or isoalkane with an olefin over 
10 the catalysis of a solid acid. 

Background Art 

At present, there are a lot of hydrocarbon conversion processes using solid acid 
15 catalysts at low temperatures, such as alkylation (alkylation of an isoalkane with an 
olefin, and alkylation of benzene with an olefin), isomerization (isomerization of C4, 
C5 and Ce low-carbon n-alkanes, and isomerization of low-carbon olefins), olefin 
oligomerization, hydroisomerization and the like. These low temperature 
hydrocarbon conversion processes require solid acid catalysts having strong acidity, 
20 such as supported heteropoly acid catalysts, supported heteropoly acid salt catalysts, 
zeolite-molecular, sieve catalysts, S04^7oxide super acid catalysts, supported 
Bronsted-Lewis conjugated solid super acid catalysts, solid polymerization ion 
exchange resins and oxide or molecular sieve catalysts treated with Bronsted acids 
or Lewis acids. These solid acid catalysts participate in hydrocarbon conversion 



reactions according to the reaction mechanism of carbenium ions. 

The above-mentioned alkylation of an isoalkane with an olefin refer to the reactions 
of C4-C6 isoalkanes with C3-C6 monoolefins to produce isomerized long-chain 
alkanes. An example of the products of the alkylation is Cs isooctane produced in 
the reaction of isobutane with butene, which has a high octane number and a low 
Reid vapor pressure, and is useful as an excellent additional component for gasoline. 

Here, the industrially used catalyst of the above-mentioned alkylation processes is 
H2SO4 or HF, which has a concentration of about 95 %. H2SO4 alkylation processes 
carried out at a low temperature (about 10 ^C) can prevent olefins from building-up 
reactions, but they will produce a big amount of waste acids, which cannot be 
recycled and will pollute the environment seriously if discharged. HF alkylation 
processes are carried out at a low temperature (generally between 20 and 40 °C), too, 
but HF is easily volatile and can easily cause environmental pollution and harm the 
production environment. The industrial use of H2SO4 and HF for the production of 
alkylate oils has lasted for several decades, and "Alkylation of isobutane with C4 
olefins", Ind, Eng. Chem. Res., 27, 381-379 (1988), Handbook of Petroleum 
Refining Processes^ 1, 23-28 (1986) and Oil Refining Technology in China^ China 
Petrochemical Press, 206-217 (1991) contain detailed discussions about it. 

Since H2SO4 and HF as strong liquid acids pollute the environment seriously, it has 
become an important research subject for the researchers in the international catalyst 



field to use solid acids to replace them as alkylation catalysts. Recently, various solid 
acid catalysts used in the above-mentioned alkylation processes are reported, such as 
the S04^7oxide super acidic catalysts disclosed in JP01,245,853, US3,962,133, 
US4,116,880, GB1,432,720 and GB1,389,237; the CFsSOaH/silica catalyst 

5 disclosed in US5,220,095, US5,73 1,256, US5,489,729, US5,364,976, US5,288,685 
and EP0,7 14,871; the Pt-AlCh-KCl/AlaOs catalyst disclosed in US5,39 1,527 and 
US5,739,074; the Lewis acid supported catalysts, such as SbFs, BF3 and AICI3 
supported catalysts, disclosed in US5,157,196, US5, 190,904, US5,346,676, 
US5,221,777, US5,120,897, US5,245,101, US5,012,033, US5,157,197, 

10 CNl,062,307Aand W095/26,815; the supported heteropoly acid catalysts disclosed 
in CN1,184,797A, CN1,232,814A, US5,324,881 and US5,475,178; the molecular 
sieve catalysts disclosed in US3,549,557, US3,644,565, US3,647,916, US3,917,738 
and US4,384,161. 



15 WO94/03415 discloses a process for alkylation of an alkane with an olefin, 
comprising contacting an olefin-containing feed with an isoalkane-containing feed 
in the presence of crystalline microporous materials, under alkylating conditions 
including temperatures at least equal to the critical temperature of the principal 
components and pressures at least equal to the critical pressure of the principal 

20 component of the feed. The crystalline microporous materials include various 

zeolites and layered materials, wherein the zeolites include ZSM zeolites, offretitite 

zeolite, MCM zeolites, mordenite, REY zeolite etc., and the layered materials 

include layered silicates and clays etc. When a MCM zeolite is used as the catalyst, 
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said process has an increased butene conversion and an improved catalyst activity 
stability. However, the olefin conversion in said process is still low, which is only 
86.0 to 99.4 % by weight. 

5 CN 1,1 25, 63 9 A discloses a process for alkylation of isobutane with an olefin, 
comprising preparing a catalyst by dissolving 10 to 70 % of heteropoly acids 
including PW12, PM012, SiWi2, PW^Moia-n (n=l-l 1) etc. in a solvent selected from 
low-carbon fatty acids, esters, ketones, ethers, alcohols or mixtures of fatty acids and 
fatty alcohols, to catalyze the alkylation of isobutane with butene, wherein the 

10 reaction is carried out at a temperature of 10 to 70 ""C, and the alkane/olefin ratio is 
1 .5 to 18. Although said process prevents the equipment from being severely eroded 
by H2SO4 and HF catalyst, the problem of isolation of the reaction product from the 
solvent appears, for the reaction is carried out in a liquid phase. Moreover, said 
process for alkylation of isobutane with butene has a relatively low olefin 

15 conversion and a relatively low alkylate oil yield. For example, according to 
Examples 1-9, the alkylate oil yield was only 0.693 to 1.736 (relative to the weight 
of the olefin) in the alkylation performed in a batch reactor. 

CN1,125,640A discloses a process for alkylation of isobutane with butene, wherein 
20 the alkali salt or ammonium salt of a heteropoly acid selected from phospho-tungstic 
acid, phospho-molybdic acid, silico-tungstic acid and silico-molybdic acid is used as 
the catalyst, the varying range (g/molecule) of the alkali metal and the ammonium 
ion is 0.5 to 3.0 for the phosphor series and 0.5 to 4.0 for the silicon series, the 



alkylation temperature is 30 and the alkane/olefin ratio is 15: 1. Said process for 
alkylation of isobutane with butene still has a relatively low alkylate oil yield, and 
fails to retain catalyst activity stability. For example, according to the Examples, the 
alkylate oil yield was at most 1.845, relatively to the weight of the olefin, in the 

5 alkylation of isobutane with butene performed in a batch reactor, and the catalytic 
activity decreased rapidly as the reaction times increased. For example, according to 
Example 1, CS2.5H0.5PW12 was used as the catalyst, 0.4378 g olefin and an alkane at 
an alkane/olefin ratio of 15 were added in the reactor, the reaction lasted for 2 hours 
at 30 to produce 0.8118 g alkylate oil, the alkylate oil yield was L854, the 

10 catalyst was isolated, and used again under the same conditions after dried for 2 
hours at 100 °C, and the alkylate oil yield was 1.384. 



US 5,324,881 discloses a process for alkylation of an isoalkane with an olefin, 
comprising reacting an isoalkane with an olefin in the presence of a supported 

15 heteropoly acid catalyst, under alkylating conditions, thus to obtain an alkylate. The 
heteropoly acid comprises, as the central element/elements, at least one element 
selected from the group consisting of P, Si, B, Ge, As, Se, Ti, Zr, Mn, F, V, Ce and Th, 
and, as the coordinating element/elements, at least one element selected from the 
group consisting of Mo, W, V, Mn, Co, Ni, Cu, Zn and Fe. According to the 

20 examples, all the heteropoly acid catalysts were treated at a temperature above 350 
^C, the olefin conversion was at most 87 % by weight, and the Cs^ alkylate oil yield 
was at most 1 .4 g/g C4^. The tests prove that said process does not have a satisfactory 
catalyst activity stability. 
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CN 1,232,8 14A discloses a process for alkylation of a low-carbon isoalkane with an 
olefin, in which a supported heteropoly acid catalyst is used, the reaction is carried 
out at a temperature at least equal to the critical temperature of the isoalkane and a 
5 pressure at least equal to the critical pressure of the isoalkane. Said process has the 
advantages of a high olefin conversion and a high alkylate oil yield, as well as 
improved catalyst activity stability. 

CN 1 ,246,467A discloses a process for alkylation of a low-carbon isoalkane with an 
olefin, characterized in that the catalyst as used consists of 40 to 95 % by weight of a 
porous inorganic support, and 1 to 60 % by weight of a Bronsted acid and 0.3 to 15 
% by weight of a Lewis acid supported on the porous inorganic support, wherein the 
Bronsted acid is a heteropoly acid or inorganic mineral acid, and the Lewis acid is 
selected from AICI3, BF3 or XF5, wherein X is P, As, Sb or Bi. In said process, the 
active component of the catalyst does not flow away easily, and the conversion and 
selectivity of the reaction are both relatively high. 

CN 1 ,33 1 ,065 A discloses a process for alkylation of an isoalkane with an olefin over 
the catalysis of a solid acid, characterized in that the alkylation is carried out by 
20 contacting, as the reaction material, a mixture of C4-C6 isoalkane, C3-C6 monoolefin 
and 10 to 3000 ppm a compound containing a strongly electronegative element as 
promoter with a solid acid catalyst. The conversion and selectivity of the reaction are 
both relatively high, and stability of the catalyst is satisfactory. 
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Contents of the Invention 



One object of the present invention is to provide a process for alkylation of an 
aromatic hydrocarbon or isoalkane with an olefin over the catalysis of a solid acid, 
such that the selectivity of the alkylation and in particular the yield of the target 
product, i.e. dodecyl benzene or trimethyl pentane, can be remarkably increased, and 
in the meantime stability of the solid acid catalyst is improved. 

The inventor of the present invention found out unexpectedly, after conducting a lot 
of primary researches, that the step of pretreating a solid acid catalyst with a 
compound having a strongly electronegative element under alkylating conditions 
not only greatly increases the selectivity of the target product of the alkylation but 
also improves stability of the solid acid catalyst. 

Thus, in the process of the present invention for alkylation of an aromatic 
hydrocarbon or isoalkane with an olefin, the alkylation is carried out by contacting a 
reaction material containing an aromatic hydrocarbon or C4-C6 isoalkane, C2-C18 
monoolefin and a compoimd containing a strongly electronegative element as 
promoter with a solid acid catalyst. Said process is characterized in that the solid 
acid catalyst is contacted with a compound having a strongly electronegative 
element prior to its contact with the reaction material, wherein said compound 
having a strongly electronegative element is identical to or different fi-om the 



compound containing a strongly electronegative element as promoter. 

In the alkylation process of the present invention, the step of treating the solid acid 
catalyst by contacting it with a compound having a strongly electronegative element 
prior to its contact with the reaction material is the pretreatment of the solid acid 
catalyst such that it interacts with the compoimd having a strongly electronegative 
element. Said compound having a strongly electronegative element is absorbed into 
the bulk phase of the solid acid catalyst, a new active phase is generated in the solid 
acid catalyst, and the properties of the acidic center (the density, acid strength and 
distribution of the acidic center) are changed essentially. In this way, the alkylation 
begins to proceed in the new active phase at the time of the initial contact of the 
reaction material with the solid acid catalyst. 

In the alkylation process of the present invention, the strongly electronegative 
element is preferably halogen, and the compound having a strongly electronegative 
element is comprised preferably in a hydrocarbon, more preferably in an aromatic 
hydrocarbon or isoalkane. In said aromatic hydrocarbon or isoalkane comprising a 
compound having a strongly electronegative element, the strongly electronegative 
element is present in an amount of 10 to 5000 ppm, preferably 30 to 3500 ppm, more 
preferably 50 to 3000 ppm. The aromatic hydrocarbon is preferably benzene or 
naphthalene, more preferably benzene. The isoalkane comprising a compound 
having a strongly electronegative element is one type of C4-C6 isoalkanes, or a 
mixture of them, preferably one type of C4-C6 isoalkanes, more preferably 
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isobutane. 

The compound having a strongly electronegative element may be an inorganic or 
organic compound, or a mixture of inorganic and organic compounds, wherein the 
5 inorganic compoimd is preferably a hydrogen halide, such as HF, HCl, HBr or HI, 
more preferably HF or HCl. 

The compound having a strongly electronegative element is preferably a 
halogen-containing organic compound having 2 to 8 carbon atoms, which includes 
10 but is not limited to mono- or di-halogenated alkanes each having 2 to 8 carbon 
atoms, such as monofluorethane, monochlorethane, 1-fluoropropane, 

1- chloropropane, 2-fluoropropane, 1-fluorobutane 1-chlorobutane, 1-bromobutane, 

2- fluorobutane, 1 ,3 -difluorobutane, 1 ,3 -dichlorobutane, 1 -fluoropentane, 
1-fluorohexane, 2-fluorohexane, 1-fluoroheptane, 1-fluorooctane, 2-fluorooctane, 

15 1-chlorooctane, fluoro-isooctane and the like, wherein fluoropropane and 
fluorobutane are preferred. 

The inorganic or organic compoimd containing a strongly electronegative element 
may be a mixture of two or more of the above compounds. The inorganic or organic 
20 compounds that can be decomposed into hydrogen halide or mixtures thereof are 
suitable for use in the present invention, too. 

The aromatic hydrocarbon in the alkylation material is preferably benzene or 
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naphthalene, more preferably benzene; the preferred C4-C6 isoalkane is isobutane, 
and the C2-C18 monoolefin is C3-C6 monoolefin, which is preferably butene. 

In the process of the present invention, the aromatic hydrocarbon or isoalkane of a 
5 compound having a strongly electronegative element first in contact with the solid 
acid catalyst can be the same as or different from the aromatic hydrocarbon or 
isoalkane comprised in the reaction material, and is preferably the same as the 
aromatic hydrocarbon or isoalkane used in the reaction material. For example, in the 
alkylation of isobutane with butene, it is preferred to treat the solid acid catalyst with 
10 the isobutane of a compound having a strongly electronegative element. 

In the process of the present invention, the conditions for the contact of the solid acid 
catalyst with the aromatic hydrocarbon or isoalkane of a compound having a 
strongly electronegative element prior to its contact with the reaction material are 

15 not particularly restricted. For example, the reaction temperature is 10 to 350 the 
reaction pressure is 0.5 to 10.0 MPa, and the weight hourly space velocity of the 
aromatic hydrocarbon or isoalkane material is 0.2 to 8 h"V The preferred conditions 
are supercritical treatment conditions: the treatment temperature ranges from the 
supercritical temperature of the aromatic hydrocarbon or isoalkane to 300 ''C, 

20 preferably from the supercritical temperature of the aromatic hydrocarbon or 

isoalkane to 250 °C; the treatment pressure ranges from the supercritical pressure of 

the aromatic hydrocarbon or isoalkane to 10.0 MPa, preferably from the 

supercritical pressure of the aromatic hydrocarbon or isoalkane to 80.0 MPa; the 
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weight hourly space velocity of the aromatic hydrocarbon or isoalkane is 0.2 to 20.0 
h:\ preferably 0.5 to 8.0 h'\ 

In the process available in the present invention, conditions for the alkylation may be 
the reaction conditions widely used in the art, and are not particularly restricted. For 
example, the reaction temperature is 10 to 350 ""C, the reaction pressure is 0,5 to 10.0 
MPa, the mol ratio of the aromatic hydrocarbon or isoalkane to the olefin ranges 
from 2 to 200, and the weight hourly space velocity of the reaction material is 0. 1 to 
20 h ^ The preferred conditions are supercritical treatment conditions: the reaction 
temperature ranges from the supercritical temperature of the aromatic hydrocarbon 
or isoalkane to 300 °C, preferably from the supercritical temperature of the aromatic 
hydrocarbon or isoalkane to 250 °C, more preferably from the supercritical 
temperature of the aromatic hydrocarbon or isoalkane to 200 °C; the reaction 
pressure ranges from the supercritical pressure of the aromatic hydrocarbon or 
isoalkane to 10.0 MPa, preferably from the supercritical pressure of the aromatic 
hydrocarbon or isoalkane to 9.0 MPa, more preferably from the supercritical 
pressure of the aromatic hydrocarbon or isoalkane to 6.0 MPa; the mol ratio of the 
aromatic hydrocarbon or isoalkane to the olefin ranges from 2 to 100, preferably 
from 10 to 90; the weight hourly space velocity (WHSV) of the reaction material 
ranges from 0.1 to 20 h preferably from 0.5 to 8.0 h ^ 

In the process of the present invention, the solid acid catalyst may be selected from 

various solid catalysts disclosed in the prior art for alkylation of an aromatic 
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hydrocarbon or isoalkane with an olefin, including supported heteropoly acid 
catalysts, supported or unsupported heteropoly acid salt catalysts, zeolite-molecular 
sieve catalysts, SO4 /oxide super acidic catalysts, supported Bronsted-Lewis 
conjugate solid super acid catalysts and oxide or molecular sieve catalysts treated 
with Bronsted acids or Lewis acids. Among these catalysts, the preferred ones are 
supported heteropoly acid catalysts, supported or unsupported heteropoly acid salt 
catalysts, supported Bronsted-Lewis conjugate solid super acid catalysts and oxides 
treated with Bronsted acids or Lewis acids, and more preferred ones are supported 
heteropoly acid catalysts and supported Bronsted-Lewis conjugate solid super acidic 
catalysts. 

In the process of the present invention, the supported heteropoly acid catalyst 
consists of a porous inorganic support and a heteropoly acid, wherein the heteropoly 
acid is represented by the general formula: H8.n[AMi204o], wherein A represents P or 
Si, M represents W or Mo, and n represents the valence state of A and is 4 or 5; the 
porous inorganic support is a conventional porous inorganic support selected from 
activated carbon, silicon oxide, aluminum oxide, magnesium oxide, titanium oxide, 
natural or synthetic aluminosilicate zeolite, carbon fiber, natural clay and the like, or 
mixtures thereof, and preferably selected from silicon oxide and aluminum oxide or 
mixtures thereof- Such catalysts have been described in CN 12328 14 A, which is 
used here as a reference for the present invention. 

In the process of the present invention, the supported or unsupported heteropoly acid 
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salt catalysts are similar to the heteropoly acid catalysts defined above. The 
difference is that the heteropoly acid salts are the alkali metal salts and ammonium 
salts of the above-mentioned heteropoly acids. 

In the process of the present invention, the supported Bronsted-Lewis conjugate 
solid super acidic catalyst is as defined in CN 1246467 A, which is used here as a 
reference for the present invention. Preferably, it consists of 40 to 95 % by weight of 
a porous inorganic support, and 1 to 60 % by weight of a heteropoly acid and 0.3 to 
15 % by weight of a Lewis acid supported on the porous inorganic support. The 
heteropoly acid and the porous inorganic support are as defined in the preceding 
paragraph about the supported heteropoly acid catalyst; the Lewis acid is selected 
from AICI3, BF3 or XF5, wherein X represents P, As, Sb or Bi. 

In the process of the present invention, the other catalysts are the corresponding 
15 conventional catalysts disclosed in the prior art for alkylation of an aromatic 
hydrocarbon or isoalkane with a olefin. They are not particularly restricted in the 
present invention. 

In the process of the present invention, during the treatment of contacting the solid 
20 acid catalyst with the aromatic hydrocarbon or isoalkane comprising a compound 
having a strongly negative element prior to contact with the reaction material, the 
form of the reactor is not restricted. The treatment may be carried out in a fixed bed 
reactor, a batch vessel reactor, or a moving bed, fluidized bed or three-phase slurry 
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bed reactor. 

Specific Embodiments 

The following Examples will further illustrate the present invention, but do not 
constitute limitations with respect to the contents of the present invention. 

The alkylation process of the present invention is carried out in a fixed bed reaction 
system capable of holding 40 ml catalyst. The reaction system consists of the 
following three parts: 

1, A feed measuring system: The isoalkane material of a compound containing a 
strongly electronegative element or the reaction material (a mixture of C4-C6 
isoalkane, C3-C6 monoolefin and a compound containing a strongly electronegative 
element as promoter) is pumped fi-om a material tank to a mixer with a precision 
metering pump (a product of TSP, US), and then to a reactor to be pretreated with a 
catalyst prior to reaction or to take part in alkylation. The feeding amount is 
measured by a precision electronic balance under the feed tank, thus ensuring a 
stable and precise feeding amount. 

2. A reaction system: The reactor is capable of holding 40 ml catalyst, and the 
thermostatic region of a heating fiimace ensures uniformity and constancy of the 
temperature of the catalyst bed. The temperature of the catalyst bed in the reactor is 
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controlled by a temperature controlling device of West, UK. The pressure in the 
reactor is controlled by a high-precision pressure controlling device (a product of 
Anaheim, US). Thus, stability and precision of the temperature and pressure in the 
reactor are ensured. 

5 

3. A separating and analyzing system: The reaction product and the unreacted 
material flowing out of the reactor pass through a high- and low-pressure two stage 
separator, such that the liquid phase reaction product (alkylate oil) is separated from 
the gaseous phase unreacted material (isobutene and olefin). The unreacted material 
10 is at fixed time analyzed with an on-line gas chromatograph. The alkylate oil is taken 
out at fixed time and its composition is analyzed with another chromatograph. 

Analysis method: The composition of the gaseous product is analyzed on-line with 
Agilent-4890D gas chromatograph (a product of Agilent Technologies, US), and the 
15 chromatographic column is a 50 m x 0.2 mm OV-01 capillary crosslink column; the 
complete composition of the alkylate oil from C3 to C12 is analyzed with HP-5890 
gas chromatograph (a product of HP, US), and the chromatographic column is a 50 
m X 0.2 mm OV-01 capillary crosslink column. 

20 Examples 1-3 

The solid acid alkylation catalyst used in these Examples is a supported heteropoly 
acid catalyst. The catalyst is used for alkylation of isobutane with butene. 
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5.24 g phospho-tungstic acid (H3PW12O40.22H2O, analytical pure, a product of 
Beijing Chemical Plant) was measured, and dissolved in 35 ml deionized water to 
form a H3PW12O40 aqueous solution. 18.5 g silica gel (SiOi, a product of Qingdao 
Haiyang Chemical Plant) having a particle size of 20 to 40 meshes was put into a 
filtering flask, in which it was treated at a temperature of 75 ""C and a pressure of 
0.0095 MPa for 1 .0 hour. The temperature was decreased to ambient temperature, 
and the formulated H3PW12O40 aqueous solution was added under a vacuum 
condition to infuse the silica gel for 1.0 hour. Then, the mixture was dried at a 
temperature of 100 °C for 4 hours to produce a supported heteropoly acid catalyst 
consisting of 20 % by weight of H3PW12O40 and 80 % by weight of silica gel, which 
was referred to as 20 % H3PWi204o/Si02. The resultant catalyst had a specific 
surface area of 380 mVg (measured by low-temperature nitrogen absorption BET 
method). 

10.0 g 20 % H3PWi204o/Si02 catalyst was measured and put into a 40 ml fixed-bed 
reactor. Then, nitrogen was introduced, and the temperature and pressure were 
increased to the temperature and pressure required by solid acid catalyst 
pretreatment. The isobutane material of a compoxmd containing a strongly 
electronegative element was pumped at a predetermined flow rate into the reactor by 
a precision metering pump to contact with the catalyst first (this is referred to as 
pretreatment hereinafter). 
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The compositions of the isobutane catalyst pretreatment material and alkylation 



material used in the Examples are as shown in Table 1 . 

Table 1 



Composition of the isobutane as pretreatment 
Material, w% 


Composition of the reaction material , 

w% 






propane 


2.81 


isobutane 


99.99% 


w-butane 


2.32 






isobutane 


90.32 






trans-butene-2 


2.14 






cis-butene-2 


1.70 






isobutene 


0.52 


impurities: 




impurities: 




H2O 


4 ppm 


H2O 


18 ppm 


S < 0.2 mg/m^ 


S <LOmg/m^ 


butadiene 


< 2 ppm 


butadiene 


5 ppm 



5 Conditions for catalyst pretreatment and alkylation are as shown in Table 2. After 
the fulfillment of catalyst pretreatment, the alkylation material, a mixture of 
isobutane, butene and a compound containing a strongly electronegative element as 
promoter, was pumped at a predetermined flow rate by a precision metering pump, 
and in the meantime, the nitrogen stream was turned off. After the reaction was 

10 stable, the composition of the reaction end gas was analyzed at a fixed time with 
Agilent-4890D gas chromatograph; the resultant liquid product was taken out at a 
fixed time and its complete composition was analyzed with HPS 890 gas 
chromatograph. 



15 The alkane/olefin ratio of said reaction material refers to the actual mol ratio of the 
isoalkane to the monoolefin in the reaction material. 412 ppm HF was added into the 
isobutane, which was the catalyst pretreatment material, and 252 ppm HF was added 
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into said reaction material as reaction promoter. 

Reaction results are listed in Table 2. 

5 Comparative Example 1 

This comparative example shows the results produced by using sulfuric acid as the 
catalyst in alkylation of isobutane with butene. 

10 73.3 g (40 ml) H2SO4 at a concentration of 95 % was used as the catalyst for 
alkylation of isobutane with butene in a tank reactor, 1 8.0 g isobutane was added at a 
reactor pressure (nitrogen pressure) of 7.0 atm. Then, 3.48 g mixed butenes were 
added when the reaction temperature reached 10 °C with intense agitation. After the 
reaction lasted for 4.0 hours, the compositions of the gaseous phase and the liquid 

15 phase product in the tank were analyzed by gas chromatography. The reaction 
material is as shown in Table 1. Reaction results are listed in Table 2. 

Comparative Example 2 

20 This comparative example illustrates an alkylation process according to the method 
of CN 133 1065 A. The catalyst, reaction material, alkylation conditions and 
alkylation steps were identical to those described in Example 1 . Reaction results are 
listed in Table 2. 
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Table 2 





1 


T^xamtile 
2 


Examnle 
3 


Comparative 
Example 1 


Comparative 
Example 2 




Temn °C 


60,0 


140.0 


240.0 






Catalyst 
pretreatment 
conditions 


Jr rcasurc, iVLira 


2.5 


4.5 


6.5 






WHSV h"* 


4.0 


4.0 


4.0 










A19 
*+ 1 ^ 


41 9 








Time, horn- 


12.0 


12.0 


12.0 








Temp., °C 


140 


140 


140 


10.0 


140 




Pressure, MPa 


4 5 


4.5 


4.5 


0.7 


4.5 


Alkylation 
conditions 


WHSV, h"' 


3 6 


3.6 


3.6 




3.6 


Alkane/olefin, 


20 0 


20.0 


20.0 


20.0 


22.0 


mole ratio 














HF content, 






9^9 


n 0 
u.u 


9^9 




ppm 












Sampling time, hour 




1 nnn 
lUUU 


1 onn 




ouu 


C'olefin conversion, w% 


1 CiCk A 

lUU.U 




1 AA A 

IUU.U 


1 AA A 
IUU.U 


1 C\(\ (\ 
IUU.U 


alkylate yield, g/g 


1.99 


2.01 


0 AA 

2.00 


O A1 

2.U1 


1 QO 

i.yy 


Reaction product 












distribution, w% 












Cs 


3,12 


2.42 


2,56 


CIO 

5.13 




C6 


D.Ul 


4.4J 


J.40 


A A^ 

o.uo 


4.30 


C7 


5.66 


6.12 


6.45 


5.63 


1 A 

6.19 


Cg 


7Q RQ 


R9 Q9 




78 72 


80 78 




6.32 


4.11 


4.40 


4.47 


5.23 




0.00 


0.00 


0.00 


0.00 


0.00 


TMP/DMH 


5.97 


6.36 


6.11 


5.61 


5.42 


Octane number of alkylate 












RON 


95.4 


96.2 


96,0 


96.1 


95.4 


MON 


93.6 


94.1 


94.0 


94.0 


93.5 



In Table 2, TMP represents trimethyl pentanes, DMH represents dimethyl hexanes, 
5 RON represents research octane number, MON represents motor-method octane 
number, RON and MON were obtained according to a document (Huston and Logan, 



"Estimate Alkyl Yield and Quality", Hydrocarbon Processings September 1975, p 
107-108). 

It can be seen from Table 2 that upon pretreatment of the catalyst with the isobutane 
material of a compound having a strongly electronegative element, the catalyst 
activity (C4 olefin conversion) was retained at 100 % and the TMP/DMH mol ratio 
was kept unchanged (the TMP/DMH mol ratio shows selectivity of the catalyst in 
the alkylation) after the alkylation lasted for 1200 hours. The Cg isoalkane 
component in the alkylate oil, i.e. the reaction product of solid acid alkylation 
obtained according to the process of the present invention, was even higher than that 
obtained according to the H2SO4 alkylation process (see Comparative Example 1). 
In view the results of the alkylation in which the catalyst was not pretreated (see 
Comparative Example 2), the catalyst had a superior selectivity, more target product, 
trimethyl pentanes, was produced, and the octane number of the alkylate oil was 
higher. 

Example 4 

100 ppm HF was added as the catalyst pretreatment material into the isobutane 
shown in Table 1 , and the catalyst was pretreated under the pretreatment conditions 
listed in Table 3. The catalyst, alkylation conditions and alkylation steps were 
identical to those described in Example L Reaction results are listed in Table 3. 
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Example 5 



3500 ppm chlorobutane was added as the catalyst pretreatment material into the 
isobutane shown in Table 1, and the catalyst was pretreated under the pretreatment 
5 conditions listed in Table 3. The catalyst, alkylation conditions and alkylation steps 
were identical to those described in Example 1 . Reaction results are listed in Table 3. 



Table 3 





Example 4 


Example 5 




Temperatxire, °C 


140.0 


140.0 




Pressure, MPa 


4.2 


4.2 




WHSV, h ' 


10.2 


2.1 


Catalyst 


Content of the 


HF, lOOppm 


Chlorobutane, 3500ppm 


pretreatment 


compound having a 






conditions 


strongly 








electronegative 








element, ppm 








Treatment time, hour 


26.0 


6.0 


Samp 


ing time, hour 


50 


54 


C"olefin conversion, w% 


100.0 


100.0 


alkylate yield, g/g 


2.00 


2.01 


Reaction product distribution, w% 








Cj 


2.71 


2.32 




C6 


4.54 


4.84 




C7 


6.37 


6.78 




Cg 


82.77 


82.19 






3.61 


3.87 






0.00 


0.00 


TMP/DMH 


6.38 


6.34 
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Examples 6-7 



The solid acid alkylation catalyst used in this example was a supported heteropoly 
acid catalyst, 

5.24 g silico-tungstic acid (H4SiWi2O40.20H2O, analytical pure, a product of Beijing 
Chemical Plant) was measured, and dissolved in 35 ml deionized water to form a 
H4SiWi2O40 aqueous solution. 18.5 g silica gel (SiOi, a product of Qingdao Haiyang 
Chemical Plant) having a particle size of 20 to 40 meshes was put into a filtering 
flask, in which it was treated at a temperature of 75 "^C and a pressure of 0.0095 MPa 
for 1.0 hour. The temperature was decreased to ambient temperature, and the 
formulated H4SiWi2O40 aqueous solution was added under a vacuum condition to 
infuse the silica gel for 1 .0 hour. Then, the mixture was dried at a temperature of 100 
°C for 4 hours to produce a supported heteropoly acid catalyst consisting of 20 % by 
weight of H4SiWi2O40 and 80 % by weight of silica gel, which was referred to as 20 
% H4SiWi2O40 /Si02. The resultant catalyst had a specific surface area of 376 mVg. 

10.0 g said 20 % H4SiWi2O40 /Si02 was used as the catalyst. 250 ppm HCl or 860 
ppm 1-flurooctane was added into the isobutane shown in Table 1, and the catalyst 
was pretreated under the catalyst pretreatment conditions listed in Table 4. Then, 
alkylation was carried out by using the reaction material shown in Table 1 under the 
reaction conditions listed in Table 2 according to the reaction steps identical to those 
described in Example 1 . Results are listed in Table 4. 
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Table 4 





Example 6 


Example 7 




Temperature, °C 


140.0 


140.0 




Pressure, MPa 


4.2 


4.2 




WHSV, h'* 


10.2 


2.1 


Catalyst 


Content of the 


HCl, 250ppm 


2-fluorooctane, 


pretreatment 


compoimd having a 




860ppm 


conditions 


strongly 
electronegative 
element, ppm 








Treatment time, hour 


20.0 


15.0 


Sampling time, hour 


40 


42 


C olefin conversion, w % 


100.0 


100.0 


alkylate yield, g/g 


1.99 


2.00 


Reaction product distribution, w % 








Cs 








C6 


3.71 


4.32 




C7 


4.04 


4.29 




Cs 


6.97 


6.59 




C9^ 


79.01 


79.01 




C8= 


6.27 


5.79 


TMP/DMH 


0.00 


0.00 






5.89 


6.11 



5 Example 8 



The solid acid catalyst used in this example was the heteropoly acid salt 
CS2.5H0.5PW12O40. 



10 22.81 g phospho-tungstic acid, H3PW12O40.2IH2O (a product of Beijing Xinhua 
Chemical Reagent Plant, analytical pure) and 2.85 g CS2CO3 (a product of Beitong 
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Chemical Plant, analytical pure) were measured according to the above 
stoichiometric equations, and formulated to solutions of 0.35 and 0.87 mol 
concentrations, respectively. With intense agitation, droplets of the CS2CO3 solution 
were added into the H3PW12O40 solution very slowly. Agitation was continued for 30 
minutes after the CS2CO3 solution was completely added, and then the resultant 
white precipitate was dried at 50 °C for 24 hours to obtain the heteropoly acid salt 
Cs2.5Ho.5PW,204o.8H20. The prepared Cs2.5H0.5PW12O40.8H2O was ground, sheeted 
on a sheeter, crushed into granules, and sieved. The 20-40 mesh granules were taken 
as the catalyst for use in alkylation. 

The catalyst pretreatment conditions and steps were repeated for the pretreatment of 
the catalyst before alkylation. The alkylation steps described in Example 1 were 
repeated, except that the catalyst used in Example 1 was replaced by the 
Cs2.5H0.5PW12O40.8H2O catalyst prepared above. Reaction results are hsted in Table 
5. 

Comparative Example 3 

The alkylation steps described in Example 8 were repeated, except that the catalyst 
was not pretreated before reaction. Reaction results were listed in Table 5. 
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Table 5 





Example 8 


Comparative Example 3 


Sampling time, hour 


58 


56 


UT? f»ontP*nt in tint* ri=*5if»tinn tTi5it^*t*ial 




252 


ppill 






V-/ UiCiiXl L'UHVCl blUll, w /o 


100 0 


100 0 

1 \J\J *\J 


aiKyiaic yieiQ, g/g 




1 00 


Reaction product distribution, w% 






Cs 


2.73 


3.23 


C6 


4.84 


4.48 




6.41 


6.75 




78.34 


75.97 




7.68 


9.57 




0.00 


0.00 


TMP/DMH 


5.94 


4.99 



Example 9 

The solid acid alkylation catalyst used in this example was a B-L conjugate super 
acidic acid (B: Bronsted acid, which was H3PW12O40 here; L: Lewis acid, which was 
SbFs here). 

The catalyst was prepared according to the process described hereinafter. The 20 % 
H3PWi204o/Si02 catalyst was first prepared according to the process described in 
Example 1 . Then, 10.0 g said 20 % H3PWi204o/Si02 catalyst was put into a fixed bed 
reactor, and treated with a nitrogen stream having a hourly space velocity of 120 h"' 
at 100 °C for 4 hours. Thereafter, the temperature was decreased to 50 ®C, and the 
nitrogen stream was forced to flow through a storage flask containing SbFs, and 
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carried said SbFs to flow together pass the above-mentioned catalyst, such that SbFs 
interacted with the heteropoly acid to produce a B-L acid. Finally, the preparation 
was fulfilled by purging with the nitrogen stream for 1 .0 hour. The resultant catalyst 
is referred to as H3PWi2O40-SbF5/SiO2 catalyst. 



The H3PWi2O40-SbF5/SiO2 catalyst prepared above was employed, and the catalyst 
pretreatment conditions and steps described in Example 1 were repeated for the 
pretreatment of the catalyst before alkylation. Then, alkylation was carried out under 
the alkylation conditions listed in Table 6 according to the reaction steps identical to 
those described in Example 1. Reaction results are listed in Table 6. 



Comparative Example 4 



The alkylation steps described in Example 9 were repeated, except that the catalyst 
was not pretreated before reaction. Reaction results are listed in Table 6. 



Table 6 





Example 9 


Comparative 
Example 4 


Reaction 
conditions 


Reaction temperature, °C 


35 


35 


Reaction pressure, MPa 


2.2 


2.2 


WHSV, h-' 


2.86 


2.85 


Alkane/olefin, mole ratio 


24.2 


24.2 


HF content, ppm 


252 


252 


Sampling time, hour 


42 


40 


C olefin conversion, w% 


100.0 


100.0 


alkylate yield, g/g 


2.01 


1.99 


Reaction product distribution, w% 
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Cs 


3.23 


3.77 


/-I 


3.98 


4.14 


Cy 


5.84 


5.09 


Co 


0 / 


R'\ 1 1 

0«/. 1 1 




3.68 


3.89 




0.00 


0.00 


TMP/DMH 


6.26 


5.21 



Example 10 



The solid acid alkylation catalyst used in this example was SO4" /ZrOi solid super 
acid. 

5 

20.0 g zirconyl chloride, ZrOCU-SHaO (analytic pure, a product of Beijing Chemical 
Plant) was dissolved in 180 ml water, and droplets of 25 % ammonia solution were 
added into the zirconyl chloride solution slowly at ambient temperature with 
agitation. Addition of droplets of ammonia and agitation were not stopped until the 

10 solution obtained a pH of 10.5. The solution mixture was conditioned at ambient 
temperature for 24 hours, washed with distilled water, filtered till it was free of CI' 
ions, and dried at 100 °C for 5 hours to produce solid Zr(OH)4. 1.0 M sulfuric acid 
solution was formulated. Said solid Zr(OH)4 was infused with said 1.0 M sulfuric 
acid for 4.0 hours at a proportion of 10 ml sulfuric acid solution/ 1 g Zr(OH)4. Excess 

15 acid solution was filtered out. The solid was dried at 100 °C for 3 hours, and then 
sintered at 550 °C for 4,0 hours to produce SO4" /ZrOi solid super acid. The prepared 
SO4" /Zr02 solid super acid was groxmd, sheeted on a sheeter, crushed into granules, 
and sieved. The 20-40 mesh granules were taken as the catalyst for use in alkylation. 



The SO4" /Zr02 solid super acidic catalyst prepared above was employed, and the 
catalyst pretreatment conditions and steps described in Example 1 were repeated for 
the pretreatment of the catalyst before alkylation. Then, alkylation was carried out 
under the alkylation conditions listed in Table 7 according to the reaction steps 
identical to those described in Example 1 . Reaction results are listed in Table 7. 



Comparative Example 5 



The alkylation steps described in Example 10 were repeated, except that the catalyst 



was not pretreated before reaction. Reaction results are listed in Table 7. 
Table 7 







Example 10 


Comparative 








Example 5 




Reaction temperature, 


155 


155 


Reaction 


Reaction pressure, MPa 


4.2 


4.2 


conditions 


WHSV, h ' 


2.16 


2.16 




Alkane/olefin, mole ratio 


29.2 


29.2 




HF content, ppm 


252 


252 


Sampling time, hour 


30 


30 


C°olefin conversion, w% 


100.0 


100.0 


alkylate yield, g/g 


1.95 


1.85 


Reaction product distribution, w% 








C5 


3.87 


3.97 




Ce 


4.85 


5.15 




C7 


5.91 


6.19 




Cs 


76.1 


70.80 






9.27 


13.89 




C8° 


0.00 


0.00 




TMP/DMH 


5.02 


4.11 
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Example 11 

The solid acid alkylation catalyst used in this example was an HjS molecular sieve. 

5 30.0 g H/3 molecular sieve (a product of the Catalyst Plant of Refinery No.3 of 
Fushun Petrochemical Company) was mixed with ammonium nitride and water at a 
ratio of 1: 0.5: 10 to form slurry, which was agitated at 90 °C for 0.5 hour for ion 
exchange, and then filtered and washed. The ammonium exchange procedure was 
repeated three times. The filter cake was dried at 110 °C for 3 hours, and then 

10 sintered at 550 °C for 6 hours to produce an HjS molecular sieve. The prepared HjS 
molecular sieve was ground, sheeted on a sheeter, crushed into granules, and sieved. 
The 20-40 mesh granules were taken as the alkylation catalyst. 

The Hj8 molecular sieve prepared above was employed, and the catalyst 
15 pretreatment conditions and steps described in Example 1 were repeated for the 
pretreatment of the catalyst before alkylation. Then, alkylation was carried out under 
the alkylation conditions listed in Table 8 according to the reaction steps identical to 
those described in Example 1. Reaction results are listed in Table 8. 

20 Comparative Example 6 



The alkylation steps described in Example 1 1 were repeated, except that the catalyst 
was not pretreated before reaction. Reaction results are listed in Table 8. 
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Table 8 







Example 11 


Comparative 








Example 6 




Reaction temperature, °C 


152 


152 


Reaction 


Reaction pressure, MPa 


4.5 


4. J 


conditions 


WHSV, h"' 


2.20 


Z.Zxj 




Alkane/olefin, mole ratio 


2o.2 


o o o 
Za.Z 




HF content, ppm 


252 


252 


Sampling time, hour 


25 


25 


C'olefin conversion, w% 


100.0 


100.0 


alkylate yield, g/g 


1.94 


1.82 


Reaction product distribution, w% 








Cs 


3.35 


3.89 




Ce 


4.29 


5.32 




C7 


6.44 


6.78 




Cs 


75.22 


69.69 






10.70 


14.32 






0.00 


0.00 




TMP/DMH 


4.14 


3.42 



Alkylation of benzene with propylene was carried out according to the process of the 
present invention. 



Alkylation of benzene with propylene to produce cumene was carried out in a 250 
ml high-pressure reaction tank. 3.0 g supported phospho-tungstic acid (20 % 
H3PWi204o/Si02) prepared in Examples 1-3 was added into the reaction tank, and 
then 60,0 g benzene (analytic pure, a product of Beijing Chemical Plant), which 
contains 254 ppm HF, was added therein. With intense agitation, the temperature 
was increased to 75 °C, and the mixture was treated at this temperature for 2,5 hours. 
Then, benzene was discharged out of the reaction tank. Thereafter, 50.0 g benzene 
containing 110 ppm HF and 7.69 g propylene were added. Alkylation was carried 
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out with intense agitation and stopped after the reaction lasted for 60 minutes. After 
the temperature dropped to ambient temperature, the amount of the unreacted 
propylene was measured with a precision flow meter, and the composition of the 
liquid phase reaction product was analyzed with a chromatograph. Reaction results 
5 are listed in Table 9. 

Comparative Example 7 

The same catalyst and reaction steps as those used in Example 12 were employed, 
10 except that the catalyst was not treated with HF-containing benzene before 
alkylation. Reaction results are listed in Table 9. 



Table 9 





Example 12 Example 7 


HF as reaction promoter, ppm 


110 110 


C3" conversion, mol% 


100 100 


Selectivity of cvimene, mol% 


97.2 93.1 



15 Example 13 

Alkylation of benzene with laurylene was carried out according to the process of the 
present invention. 

20 Alkylation of benzene with laurylene to produce dodecylbenzene was carried out in 
a 250 ml high-pressure reaction tank. 4.0 g supported phospho-tungstic acid (20 % 
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H3PWi204o/Si02) prepared in Examples 1-3 was added into the reaction tank, and 
then 70.0 g benzene (analytic pure, a product of Beijing Chemical Plant), which 
contains 254 ppm HF, was added therein. With intense agitation, the temperature 
was increased to 60 ^C, and the mixture was treated at this temperature for 2.5 hours. 

5 Then, benzene was discharged out of the reaction tank. Thereafter, 58.0 g benzene 
containing 150 ppm HF and 35.7 g laurylene were added. The reaction was carried 
out with intense agitation and stopped after the reaction lasted for 90 minutes. After 
the temperature dropped to ambient temperature, the composition of the liquid phase 
reaction product was analyzed with a chromatograph. Reaction results are listed in 

10 Table 10. 

Comparative Example 8 

The same catalyst and reaction steps as those used in Example 1 3 were employed, 
15 except that the catalyst was not treated with HF-containing benzene before 
alkylation. Reaction results are listed in Table 10. 



Table 10 





Example 13 Example 8 


HF as reaction promoter, ppm 


150 150 


C3" conversion, mol% 


100 100 


Selectivity of dodecylbenzene, mol% 


98.9 94.2 
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